A thermodynamic system of equally charged, plus and minus, classical particles constrained to move in a (spherical) ball is studied in a region of parameters in which Debye screening takes place. The activities of the two charge species are not taken as necessarily equal. We must deal with two physically interesting surface effects, the formation of a surface charge layer, and long range forces reaching around the outside of the spherical volume. This is an example in as much as 1) general charge species are not considered, 2) the volume is taken as a ball, 3) a simple choice for the short range forces (necessary for stability) is taken. We feel the present system is general enough to exhibit all the interesting physical phenomena, and that the methods used are capable of extension to much more general systems. The techniques herein involve use of the sine-Gordon transformation to get a continuum field problem which in turn is studied via a multi-phase cluster expansion. This route follows other recent rigorous treatments of Debye screening.
Introduction
The rigorous study of Debye screening was initiated in I-4] by Brydges, with the treatment of a charge symmetric lattice Coulomb gas. This work was greatly generalized by Brydges and Federbush [7] . Their proof applies to continuum Coulomb systems with essentially arbitrary short range forces, and charge symmetry is not required. Imbrie [12] improved the convergence estimates of [7] and removed a restriction on the relative sizes of the activities. He also proved Debye screening in Jellium.
All of these treatments of Debye screening impose two important constraints on the system. First, there is a constraint on the activities z i and charges ei which is usually referred to as a "neutrality" condition. This condition may be viewed as essentially saying that ~ Coulomb interaction are used. Physically, this means that the walls of the container are conducting. The significance of these constraints is that they minimize surface effects at the boundary of the container. This paper is devoted to the study of a Coulomb system in which these two constraints are not imposed. Our system has two species with charges +_ e and acti,dties z + and z_. The "neutrality" condition would require z + = z_; we do not enforce this. Free boundary conditions are used for the Coulomb interaction. This corresponds to a container with insulating walls. We modify the Coulomb potential at short distances in a way which passes easily through the Sine-Gordon transformation [see Eq. (1.2)]. To facilitate computing covariances we take our finite volumes (containers) to be spherical with radius R.
The most interesting results we obtain for this system are for a finite volume. The charge density J(x) is non-zero near the surface of the volume (see Theorems 1.1 and 1.2). This surface charge is a result of the unequal activities z+ and z_. Near the surface of the volume Debye screening breaks down. The correlation function between two charges near the surface decays as 1/r 3 rather than exponentially (see Theorem 1.6). In the infinite volume limit these surface effects disappear, and there is Debye screening. Moreover, the infinite volume correlation functions of this system are equal to those of the system whose activities are both equal to (z+z_) 1/2 (see Theorem 1.5).
We will give two explanations of these surface effects. The first explanation uses the mean field treatment of Debye and Hiickel. The second will use the SineGordon transformation and serve as an introduction to our proofs. The DebyeHtickel equation for the mean field potential tp(x) is A~p = ( -z + e -~ + z_eP~)X , (0.1) where Z is the characteristic function of the volume (which we call A). In the infinite volume limit ()~= 1), the solution is the constant potential q~o =(2fi)-1 ln(z+/z_). The solution of this equation for a finite volume, the "instanton," is studied in Appendix A. Contributions of J. Rauch to this study are gratefully acknowledged. It is shown that ~p(x) approaches the constant ~P0 well inside the volume. Since the charge density is -A~p, the charge density is essentially zero away from the surface of the volume. Near the surface one finds that there is a charge per unit area of (2Rfi)-1 ln(z+/z_). It is easy to check that such a charge distribution yields the potential tpo inside the ball.
With free boundary conditions the screening breaks down near the surface even if z + = z_. So we will restrict our explanation of the 1/r 3 decay to the simpler case of equal activities. The simplest explanation is that the wall of the container interferes with a test charge's attempt to surround itself with a screening cloud. The clouds of two test charges near the wall will have non-zero dipole moments. This dipole-dipole interaction produces the 1/r 3 decay.
To see this 1/r 3 decay in the Debye-Hiickel theory, we start with the DebyeHfickel equation -A~p(x) + 2z)~(x) sinh/hp(x) = 6(x -y ) . 
